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Kraljevic J,Marinovic J, Pravdic D, Zubin P, Dujic Z,Wisloff U,
et al. Aerobic interval training attenuates remodelling and
mitochondrial dysfunction in the post-infarction failing rat
heart. Cardiovasc Res 2013;99:55–64.
Aim: Following a large myocardial infarction (MI), the
emaining viablemuscle often undergoes pathological remod-
ling and progresses toward chronic heart failure. Mitochon-
ria may also be affected by this process and, due to their
unctional importance, likely contribute to the progression of
he disease. Aerobic interval training (AIT) has been shown
ffective in diminishing pathological myocardial transforma-
ion, but the effects of AIT onmitochondrial function in hearts
ndergoing remodeling are not known.
Methods and results:Adult female Sprague-Dawley rats were
andomized to either 8weeks of aerobic interval treadmill run-
ing (5 days/week), which started 4 weeks after left coronary
rtery ligation (MI trained), or to a sedentary group (MI seden-
ary). Echocardiography was performed before and after the
-weekperiod, atwhichpoint the left ventricles (LVs)were also
arvested. Twelve weeks after surgery, MI-sedentary rats had
igniﬁcantly lower LV fractional shortening compared with
I-trained rats. Complex-I-dependent respiration assessed in
solated LVmitochondriawasdecreasedbyapproximately 37%
n MI-sedentary and 17% in MI-trained rats (group differences
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213-4220p<0.05), compared with sham-operated animals. This was
paralleled with diminished adenosine triphosphate produc-
tion and increased degree of protein oxidation inMI-sedentary
rats. The enzymatic activity of complex Iwas also decreased to
a greater extent in MI-sedentary than in MI-trained rats, with
no evidence of its reduced expression. When complex II sub-
strate was used, no differences among the three groups were
observed.
Conclusion: Exercise reduces LV contractile deterioration in
postinfarction heart failure and alleviates the extent of mito-
chondrial dysfunction, which is paralleled with preserved
complex I activity.
• Lessard SJ, Rivas DA, Alves-Wagner AB, Hirshman MF,
Gallagher IJ, Constantin-Teodosiu D, et al. Resistance to
aerobic exercise training causes metabolic dysfunction and
reveals novel exercise-regulated signaling networks. Dia-
betes 2013;62:2717–27.
Low aerobic exercise capacity is a risk factor for diabetestment of Physiology, College of Medicine, Cardiovascular and
anjin-Gu, Busan 614-735, Korea.
exercise resistant and are unable to improve exercise capacity
through exercise training. To test the hypothesis that resis-
tance to aerobic exercise training underlies metabolic disease
Tfam. Our ﬁndings help us understand the mechanisms
underlying the effects of exercise as a therapeutic inter-182
risk, we used selective breeding for 15 generations to develop
ratmodels of low and high aerobic response to training. Before
exercise training, rats selected as low and high responders
had similar exercise capacities. However, after 8 weeks of
treadmill training, low responders failed to improve their
exercise capacity, whereas high responders improved by 54%.
Remarkably, low responders to aerobic training exhibited
pronounced metabolic dysfunction characterized by insulin
resistance and increased adiposity, demonstrating that the
exercise-resistant phenotype segregates with disease risk.
Low responders had impaired exercise-induced angiogenesis
in muscle; however, mitochondrial capacity was intact and
increased normallywith exercise training, demonstrating that
mitochondria are not a limiting factor for aerobic adaptation
or responsible for metabolic dysfunction in low responders.
Low responders had increased stress/inﬂammatory signaling
and altered transforming growth factor- signaling, charac-
terized by hyperphosphorylation of a novel exercise-regulated
phosphorylation site on SMAD2. Using this powerful biologi-
cal model system, we have discovered key pathways for low
exercise training response that may represent novel targets
for the treatment of metabolic diseases.
• Fisher-Wellman KH, Mattox TA, Thayne K, Katunga LA,
La Favor JD, Neufer PD, et al. Novel role for thioredoxin
reductase-2 in mitochondrial redox adaptations to obe-
sogenic diet and exercise in heart and skeletal muscle. J
Physiol 2013;591:3471–86.
Increased fatty acid availability and oxidative stress are
physiological consequences of exercise (Ex) and a high-fat,
high-sugar (HFHS) diet. Despite these similarities, the global
effects of Ex are beneﬁcial, whereas HFHS diets are largely
deleterious to the cardiovascular system. The reasons for this
disparity are multifactorial and incompletely understood. We
hypothesized that differences in redox adaptations following
an HFHS diet in comparison to Ex may underlie this dispar-
ity, particularly in mitochondria. The objective of this study
was to determine mechanisms by which heart and skeletal
muscle (red gastrocnemius, RG) mitochondria experience dif-
ferential redox adaptations to 12 weeks of HFHS diet and/or
Ex in rats. Surprisingly, both HFHS feeding and Ex led to con-
trasting effects in heart and RG, in that mitochondrial H2O2
decreased in heart but increased in RG following both HFHS
diet and Ex, in comparison to sedentary animals fed a con-
trol diet. These differences were determined to be largely
due to increased antioxidant/anti-inﬂammatory enzymes in
the heart following the HFHS diet, which did not occur in
RG. Speciﬁcally, upregulation of mitochondrial thioredoxin
reductase-2 occurred with both HFHS and Ex in the heart,
but only with Ex in RG, and systematic evaluation of this
enzyme revealed that it is critical for suppressing mitochon-
drial H2O2 during fatty acid oxidation. These ﬁndings arenovel
and important in that they illustrate the unique ability of the
heart to adapt to oxidative stress imposed by HFHS diet, in
part throughupregulationof thioredoxin reductase-2. Further-
more, upregulation of thioredoxin reductase-2 plays a critical
role in preserving the mitochondrial redox status in the heart
and skeletal muscle with Ex.Integr Med Res ( 2 0 1 3 ) 181–182
• Summermatter S, Santos G, Pérez-Schindler J, Hand-
schin C. Skeletal muscle PGC-1 controls whole-body
lactate homeostasis through estrogen-related receptor -
dependent activation of LDH B and repression of LDH A.
Proc Natl Acad Sci USA 2013;110:8738–43.
The peroxisome proliferator-activated receptor- coactiva-
tor 1 (PGC-1) controls metabolic adaptations. We now show
that PGC-1 in skeletal muscle drives the expression of lactate
dehydrogenase (LDH) B in an estrogen-related receptor--
dependent manner. Concomitantly, PGC-1 reduces the
expression of LDH A and one of its regulators, the tran-
scription factor myelocytomatosis oncogene. PGC-1 thereby
coordinately alters the composition of the LDH complex and
prevents the increase in blood lactate level during exercise.
Our results show how PGC-1 actively coordinates lactate
homeostasis and provide a unique molecular explanation for
PGC-1-mediated muscle adaptations to training that ulti-
mately enhance exercise performance and improvemetabolic
health.
• Saleem A, Hood DA. Acute exercise induces tumour sup-
pressor protein p53 translocation to the mitochondria
and promotes a p53-Tfam-mitochondrial DNA complex in
skeletal muscle. J Physiol 2013;591:3625–36.
The major tumor suppressor protein p53 plays an impor-
tant role in maintaining mitochondrial content and function
in skeletal muscle. p53 has been shown to reside in the
mitochondria complexed with mitochondrial DNA (mtDNA);
however, the physiological repercussions ofmitochondrial p53
remain unknown. We endeavored to elucidate whether an
acute bout of endurance exercise couldmediate an increase in
mitochondrial p53 levels. C57Bl6 mice (n=6/group) were ran-
domly assigned to sedentary, acute exercise (AE; 15 m/minute
for 90minutes), or AE+3-hour recovery (AER) groups. Exercise
concomitantly increased the messenger RNA (mRNA) content
of nuclear-encoded (PGC-1, Tfam, NRF-1, COX-IV, citrate syn-
thase) andmtDNA-encoded (COX-I) genes in theAE group, and
further by approximately ﬁvefold in the AER group. Nuclear
p53 protein levels were reduced in the AE and AER groups,
while by contrast, the abundance of p53 was drastically
enhanced by approximately 2.4-fold and approximately 3.9-
fold in subsarcolemmal and intermyoﬁbrillar mitochondria,
respectively, in the AER conditions. Within the mitochondria,
the interaction of p53 with mtDNA at the D loop and with
Tfam was elevated by approximately 4.6-fold and approxi-
mately 3.6-fold, respectively, in the AER group. In the absence
of p53, the enhanced COX-I mRNA content observed with
AE and AER was abrogated. This study is the ﬁrst to indi-
cate that endurance exercise can signal to localize p53 to
the mitochondria where it may serve to positively modu-
late the activity of the mitochondrial transcription factorvention designed to trigger the pro-metabolic functions of
p53.
